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Abstract 
Electrode materials design of Schottky and photoconductive CZT devices is investigated by I-V electric analyses, barrier heights 
calculation and spectrum response. The results showed that Al-n/CZT-AuCl3 with better Ohmic coefficient, lower leakage 
current is propitious to achieve the effective photoconductivity devices. Besides the barrier height of In-p/CZT-Au device was 
0.948eV, with the reverse leakage current only ~ 8nA at 360V. Measured by ray source of 241Am, the ratios of signal to noise of 
Al-n/CZT-AlCl3 device and In-p/CZT-Au device were 1.75 and 2.08, respectively. It indicated that In-p/CZT-Au could minish 
noise affection effectively. 
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1. Introduction 
Cadmium Zinc Telluride has aroused great interests due to its advantages of high resistivity, atomic order, large 
energy band gap, and is adjustable according to Zinc concentration. Detector made from CdZnTe performs lower 
leakage current, higher detecting efficiency, and is not sensitive to humidity. Device is small and states good energy 
resolution to X-rays, Ȗ-rays at room temperature, and shows no polarization, with detectable energy in the range 
from 10 keV to 6 MeV [1]. Effective choice of electrode material is essential for preparation of high-performance 
CZT devices. Rectifier effect and Ohmic effect, i.e. forming Schottky contacts and Ohmic contact, are the two 
important effects which may occur in the contact of metal and CZT. Therefore, the correct contact preparation is the 
key technology to fabricate Schottky and photoconductive devices. According to the principle of metal –
semiconductor contact, for N-type semiconductor, the contact material with mall metal work function should be 
chosen to form N-type anti-barrier layer in metal- semiconductor. On the contrary, it is necessary to select the 
electrode material of large metal work function to meet the Wm> Ws. Table 1 shows the different metal work 
function. Based on preliminary laboratory studies, Al, In, Au electrodes prepared by vacuum evaporation and heat 
treatment process own optimized performance [2].Based on metal –semiconductor theory, Al and In are used to on n-
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type CdZnTe for ohmic contact, Au –p/CdZnTe is used to form ohmic contact. By contraries, Au –n/ CdZnTe is for 
Schottky contact formation, Al and In materials and the formation of P-CdZnTe Schottky contact. In addition, the 
AuCl3 electrode by chemical deposition shows a good ohmic contact [3], so does the Au / Cr alloy electrode on the P-
type material [4]. Therefore Au-p/CZT-Au Au / Cr-p / CZT-Au / Cr, Al-n/CZT-AlCl3, In-n/CZT-AlCl3 are prepared 
for a good photoconductive devices; Au-n/CZT-Au, Au-n/CZT-In, Au-n/CZT-Au Cl3, In-p/CZT-In, In -p/CZT- 
AuCl3, In-p/CZT-Au are view to preparation of Schottky devices.  
 
Table 1. The different metal work function 
material Al Ti Cu Ag Au In CdZnTe 
work function (eV) 4.3 3.95 4.4 4.4 4.7 3.8 §4.6 
 
2. Experimental procedure 
The p type and n type CZT crystals have high resistivity of ~108:cm and ~ 109:cm respectively, with the same 
dimensions of 5mm×5mm×3mm. They were mechanically grounded, polished with alumina suspension and finally 
etched chemically with BMLB solution (2%Br~20% lactic acid in ethylene glycol solution). The In, Au, Au / Cr 
electrodes were then deposited on the center of two opposite sides by thermal vacuum evaporation, and the diameter 
of Au electrode is about 2mm. Subsequently, the samples were annealed for 2 hours in air at 373K. In chemical 
deposition, AuCl3 aqueous solution of 100ppm drops on the surface of CZT wafer, and dries under N2 atmosphere. 
Finally, Au-p/CZT-Au, Au / Cr-p / CZT-Au / Cr, Al-n/CZT-AlCl3, In-n/CZT-AlCl3 are prepared for a good 
photoconductive devices; Au-n/CZT-Au, Au-n/CZT-In, Au-n/CZT-Au Cl3, In-p/CZT-In, In -p/CZT- AuCl3, In-
p/CZT-Au are prepared for Schottky devices. I-V measurements as well as high-voltage were carried out by using a 
Keithley4200 micro-current testing instrument. The multi-channel spectrometer was used to test the spectrum 
response of the two types of device. 
 
3. Results and discussion 
3.1. Surface morphology of different electrode materials on CZT 
As shown in figure 1(a)(b), the surface morphologies of In, Au electrodes on CZT fabricated by thermal vacuum 
evaporation are homogeneous with flatness fringe under optic microscope for 1000 times. However the surface 
morphologies of Aucl3 electrode present a little spot prepared by chemical method. Generally, the surface 
morphologies of the different electrodes on CZT prepared are fine to form effective contacts. 
 
     
(a) Au                                               (b) In                                                    (c) Aucl3 
Fig .1. The surface morphologies of the different electrodes on CZT (1000×) 
3.2. Electrical performance of photoconductive device 
The leakage current of four different electrode materials design (Al-n/CZT-AlCl3, In-n/CZT-AlCl3, Au-p/CZT-Au, 
Au / Cr-p / CZT-Au / Cr) for photoconductive devices were tested respectively under a high voltage of 360V. 





Fig.2. The leakage currents of different contacts design for photoconductive device under 360V 
(a) n / CZT devices ˗(b) p / CZT devices 
 
Figure 2 shows the leakage currents of different contact design for photoconductive devices under a high voltage of 
360V, (a) and (b) are the n-CZT and p-CZT photoconductive devices. Good symmetry can be found from high-
voltage IV curves, which are fitted using non-linear function I (V) = aVb, where “a” is a constant, and “b” represents 
the Ohmic coefficient. If b is approximate to 1, the contact is ohmic contact. Table 2 gives the Ohmic coefficients of 
four photoconductive devices. We can found that Ohmic coefficient and the leakage current of n-CZT 
photoconductive devices are relatively better than of the p-CZT photoconductive devices, it may be due to the use of 
n-CZT materials with high resistance. Comparing four devices, Ohmic linear coefficient of Al-n/CZT-AuCl3 devices 
is closest to 1, with minimum leakage current. Therefore electrode materials design of Al-n/CZT-AuCl3 with better 
Ohmic coefficient, lower leakage current is propitious to achieve the effective photoconductivity devices. 
 
Table 2.The Ohmic coefficients of four photoconductive devices 
I(V)=aVb Al-n/CZT-AlCl3 In-n/CZT-AlCl3 Au-p/CZT-Au Au/Cr-p/CZT-Au/Cr 
a 1.1×10-10 2.1×10-10 6.485×10-9 5.1795×10-9 
b 0.98649 0.97081 1.09204 1.10655 
3.3. Electrical performance of Schottky device 
Low- and high-voltage IV test were carried out respectively for six electrode material designs of Au-n/CZT-Au, Au-
n/CZT-In, Au-n/CZT-AuCl3, In-p/CZT-In, In-p/CZT- AuCl3, In-p/CZT-Au Schottky devices. The positive voltage 
is put on metal.1, metal.2 connect to the negative voltage, supposing the above devices as metal.1-n/CZT-metal.2. 
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Fig.3. LnJ-V curves of N-and P-type Schottky devices under low voltage 
 
The current responses of n-type Schottky device Au-n/CZT-AuCl3 and p-type Schottky devices In-p/CZT-Au 
under low pressure (0 ± 40V) were tested ,then the I-V curves were changed into lnJ-V curves, as shown in Fig. 3(a) 
(b). The forward current density J is given by [5], 
   > @kTqVnkTqVJJ S  exp1exp ,     (1) 
 kTqATJ BS I exp2 ,                           (2) 
where A is Richardson constant and is equal to (me/m0)120Acm-2k-2 (me§0.13m0), q is the electron charge, V
the applied voltage, k the Boltzmann’s constant, T the temperature in Kelvin, IB the Schottky barrier height, and Js
the saturation current which is derived from the straight line intercept of ln J-V curves at V=0, as shown in Figure 3. 
If the values of the saturation current density are known, the height of Au-CZT barrier can be calculated as followed: 
 SB JATqkT 2ln I ,                                 (3) 
Therefore, the barrier heights of Au-n/CZT-AuCl3 and In-p/CZT-Au were calculated to be 0.932eVand 
0.948eV. With the same method, the barriers of Au-n/CZT-AuˈAu-n/CZT-InˈIn-p/CZT-In and In-p/CZT- AuCl3 
Schottky devices were attained to be 0.881eV, 0.927eV, 0.864eV and 0.860eV, as shown in table 3. According to 
the experimental results, the potential barriers of Au-n/CZT-In, Au-n/CZT-AuCl3 and In-p/CZT-Au devices were 
significantly higher than of other devices. Moreover, In-p/CZT-Au has the highest barrier height, making for 





Fig.4. The leakage currents of N- and P-type Schottky device under a high voltage of 360V 
 
The leakage currents of N- and P-type CZT Schottky devices under high voltage (0 ± 360V) are shown in 
Figure 4. It can be seen from the curves, the two kinds of Schottky devices are all non-linear under high-voltage, 
with the Ohmic linear coefficients of 1.262, 2.883 fitted by using non-linear function I (V) = aVb. The linear 
coefficients of Au-n/CZT-AuˈAu-n/CZT-Inˈ In-p/CZT-In and In-p/CZT- AuCl3 Schottky devices also were 
gained to be 1.060, 1.384, 3.369 and 2.017, respectively. The reverse leakage current of Au-n/CZT-AuCl3 is ~ 20 nA 
under 300V, however rising rapidly with the increase of the bias voltage, which may due to the breakdown of 
unstable Schottky barrier caused by higher voltage. The reverse leakage current of In-p/CZT-Au under 360V is 
only~ 8nA, which showing more obvious rectifier characteristic. The other four Schottky devices also were tested 
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under the high voltage of 360V, the reverse leakage currents were obtained to be ~ 20 nA, ~ 50 nA,~ 25 nA and ~ 
15 nA for Au-n/CZT-AuˈAu-n/CZT-Inˈ In-p/CZT-In and In-p/CZT- AuCl3 Schottky devices respectively. 
According to electrical performances analyses, rectifier effect appeared to be distinct for electrode materials designs 
on P-CZT Schottky devices. 
 
Table 3. Electrical performances of N- and P-CZT Schottky devices 
Samples IB b Reverse leakage current 
Au-n/CZT-Au 0.881eV 1.060 ~ 20nA at 360V 
Au-n/CZT-In 0.927eV 1.384 ~ 50nA at 360V 
Au-n/CZT-AuCl3 0.932eV 1.262 ~ 20nA at 300V 
In-p/CZT-In 0.864eV 3.369 ~ 25nA at 360V 
In-p/CZT- AuCl3 0.860eV 2.017 ~ 15nA at 360V 
In-p/CZT-Au 0.948eV 2.883 ~ 8nA at 360V 
3.4 Spectrum response of Schottky and photoconductive device  
According the above experimental results, we can find Al-n/CZT-AlCl3 and In-n/CZT-AlCl3 have better Schottky 
contacts, the In-p/CZT-In, In-p/CZT-AuCl3 and In-p/CZT-Au show distinct rectification characteristics. Thus 
energy spectrum tests of Al-n/CZT-AlCl3 photoconductive device and In-p/CZT-Au Schottky device were carried 
out with the bias of 190V, ray source of 241Am, the incidence of Ȗ ray from cathode [6, 7]. 
 
Fig.5. Spectrum responses of CZT detector 
 
Figure 5 shows the CZT detector spectrum response of photoconductive device Al-n/CZT-AlCl3 and Schottky 
device In-p/CZT-Au. The response peak of Al-n/CZT-AuCl3 photoconductive device and In-p/CZT-Au Schottky 
device appeared around 3500 and 2500, with the decline of the noise peak around 2000 and 1200, signal to noise 
ratio of 1.75 and 2.08, respectively. Therefore, it succeeds to decrease the noise effectively by In-p/CZT-Au 
Schottky device owing to better signal to noise ratio, though the resistance of In-p/CZT-Au is low reversely. The 
reason could be that the space charge region caused by Schottky barrier, produces a strong electric field, which 
could accelerate electronic - hole flow to the respective electrodes, resulting in the decline of composite probability. 
Thereby, compared with the photoconductive detector, Schottky detectors can be achieved to enhance the capacity 
of charge collection without increasing leakage current and bringing in more noise. 
4. Conclusions 
In this paper, electrode materials design of Schottky and photoconductive CdZnTe devices is studied by I-V electric 
analyses, barrier heights calculation and spectrum response test. The results showed the Ohmic linear coefficient of 
Al-n/CZT-AuCl3 device was proximally close to 1, with lower leakage current comparing with four electrode 
designs for photoconductive devices, besides compared with five electrode designs for Schottky devices, the barrier 
height of In-p/CZT-Au device is 0.948eV, with the reverse leakage current only ~ 8nA at 360V.The the ratios of 
signal to noise of Al-n/CZT-AlCl3 device and In-p/CZT-Au device were 1.75 and 2.08, respectively. It could be 
concluded that In-p/CZT-Au minished the affection of noise effectively. 
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